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m m « 

[0001] *%mn. SiC^MISFETMMU AiNm<Dmmm&^-$-z>MisFETiz 

[0002] SiCte. ZeV£k±.(DJZ\^®\1$1mb2. 5 MV/cm£jg;t3«&-Ci«jV^iiMig 

[0003] vfrvtzfrb, sic%m\<^xmm?-hzm^%mR^h7>i>x?7*/<4x<DM; 
*mmx&z>&m—yv=' ^mtm-^mw-n^^h^^^ (mosfet) 

2 

[0004] ^5 : -•r^/^aT•^l^J^^^^6T/J^$v^J^la^isio /Sic#ffi^fe6^%^b^ 

2 

So SiO /SiCCO^^nir^^^^PL-C, #];U3\ SiCfDmitUm, ^ 

2 

[0005] -2t\ ^-hilfeldBltLTSiO £<££!-tirf\ ^t!l©»llI^fflV^J;5t-rS^^fe 

2 

[0006] L/^L&^ SiC*®±— Oift 0 B pKAlNcD^rBj5fe^:«^S-f-Slt-CfcofCo f& 
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, ^LfcAiN/sic^MisFETO, m^—h(Dmm<wmm^>xm<mmKm 

X&Z>fctfXn, AlNtSiCt(Dm(D^m^O^MUMnm2. 0 eV^SiO <bS 

2 

iCb<Dffl(DyfmMm2. 74 eV^it^tL^^^^VNfcfe^.^^^S MV/ 

[0008] ^#fF;£iifcl : C.-M.Zetterling, M. Ostling, H. Yano, T. Kimoto, H. Matsunami, K. 
Linticum and R.F.Davis, "SiC MISFETs with MBE-grown A1N Gate Dielectric", 
Material Science Forum Vols. 338-342(2000) pp. 1315-1318. 

#^#t J FI$3^2 : Norio Onojima, Jun Suda, and Hiroyuki Matsunami, "Molecular-beam 
epitaxial growth of insulating A1N on surface-controlled 6H-SiC substrate by HC1 
gas etching", Applied Physics Letters, Vol. 80, No.l, (2002) p.76-78. 

[0009] AlNjf^J¥<-r^^i:^J;'9. S!f£3 MV/cmJ&TK&ttZbb^tttlZiiK 
30nm^S|5g#i:^§ 0 irfctts 30nm£*_b<DJ?$-C«:, &W<0%*74yYfcQL&A\ 

n^nM^mmm-t, h>^mm^x^xm^ti^ 0 AiN^rnvtrnzm^^xm 
w-fz>b, AiN/sic^mnAiNmmKmsMv/cm&^cDm^miozbh^* 

1tbZL^ miOi^-r^^mhtitCo HlOte, AIN/SiC MIS^;*"— \f<Dft^ 
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mmtmmmmt(Dmm^irm'ch^o mio^-rx^ ±mmi&xn^ ain 
^<Dmwmm^3 Mv/cmnmxmmmzffiti&nmdno^A/cm 2 &m?iz>o ^ 

(D3 MV/cmb^^m^WmttmKfa±-tZ>^tn^ AlN/SiCff 5£&JEV^P£ 

19 ^x\tmmm^7F- ^mx&z> 0 

[0011] ft, AlNj^V^K^^O^V^SiO *m\^t^(D±mm MV/cm# 

2 

aa^-cfR]±u, ^<Dfimz\B}m-fz^b&x*%z>i)K sick&w-e &&&&&&&& 
[0012] n&mmmy~-hsic^MisFETzmm.-rz^k& n &}k-i-% 0 

[0013] *&m<D—m&te&tit£^ sicmmmmt. &sic*timmz&&&tvtty--x 

vsmfrstszmwftmt. tM^mmmm±^mm^mummbnm^mxh 

m^ntcmmmb^i-^mmm^b,tmmmm±Km^titc^-hmmb 

[0014] iMn^^^v^K&tiu, sicb(Dmx&m£frm&te]$.-t'z>&ffifflffl 
mb,m^mumm^hBm^vr\mT^^v^y^yh(D^\y^mmmb<D 
^mmmmm^m^^biM^m^vT<D^mm<Di&T^m'r^bbh^ 

&ttm&<D&w%i&mirzz.b&x%z> 0 

[0015] MnZRffi^mmn, B Al Ga NJl(x<0. 4, y<0. 4)%^&<Dt)m 

X 1— x— y y 

^LV\ BxAl Ga NJlte, SiCJl b<Dfe7-m&%bZ>Z.b&XZZ>tc#>, llimmt 

1— x— y y 

[0016] mW@MM\-Z, AlN^AltAl N ^AlAsiAlN As bfrhj&Z>m<D?1bfrhmtft.Z 

x y x 1— x 

;ft5'>*K£Mo<D;|#|^ O JIX 

2 3 

{^>*c^n, As^tpAi o mb-r%z.bh »smx&Z) 0 ^tiK^mmnu^mm 

2 3 

fc1-Z>^b&X%Z> 0 
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[0017] #»w©te©*/&teJ:*Ltf, sicmmmfett-rzmm&mffi'rzjLUb, msi 

[0018] iia^fe^itbtf, *S©^y^^J»*5J;tffll?IKb$tu^SiC3lffifllatJ!: 

[0019] £X±<D£5i^ SiCb<Dm(DftffiW;m&8L& C#*>oo, U— ^ 

[0020] *ISW^5MISFETfi, tt^^jfeffi-Sil&ftfr/SiClf.S^tt, SiCtlHiltf) 

[0021] *&m<DMMmm^\,^xmmzmmv^mw$:ftOo *-r, *»5H 

OlBlO||Jte©?i0ti8(3:J;5MISFET^oV^TigffiSr#flgboo^Ki"5«, Ell (A) 
fefcov vftftKi-So *i* , Ell (A) tc^i-J;5J^ 4H-SiC(0001) StKl (v 5 ^ 

Si 

i|p B pf©^^g^5o EH(B)^i-J:5^, SiCJila_Ll^ 
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mmzn^ti^v)^ mi(c) iC7jk-t£o\^ y-^y^^mmaXsb^m-r 
z>^b&x%% 0 

[0022] Hi (O^OXm^TLfc^, HI2(D) fc*r*\fc5^ SiC»U£#G^U 09*. 
^VTJfXXh&TkmtfXVlffimfin slmXhV, HCUf*(Dmm&3 sccnrefc 

/^atdi-^pmr^ v ^z.kxffift j $>ijm , $ s (Di&\j^xjkm\ ^tcmm&m> 

tf7ft) \z£ Z>o (0001) ffitcSftb-CO. 2° nm<D3-7±yhft%n^M 

Si 

£^|Rl<£>*§ll;*ff£, ^^^^O^SrS^SC^-e. 4H-SiC^[0001]^lB]CO 

mmmm<Dm&mm^tt foisted yu^-^z, xx^y^mm^ sic 
m^T^m^sicmmmm^±mmm^^tx\nff a w^mm^Mx^i 

[0023] ®2(E) ^-T<t5^. ^^^^^ttJbfcSiCS^KD^ffi^^fLT, EtR 

, mm. yymKxzt&mzmikff^tco y^m^m^xy), sicmm<Dmmzt>-r 
frKM&£tix\< ^yv^mkmzmis-fz^btfxzzo ^mm^uzsicm 
&mm2mmt$tix\<^ 0 ^(Dfamzn^fcsicmm^m^xh. w^mt>m$k 

-ttet>-tb, ±mtmmmKx^xhmm(D^y^-^y^mm^mit^-rmw^ti 
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[0024] 122(F) {vl^-f"J;5^N _b|HSiCS^l : Sri^^S^B N Mx.(^MBE (Molecular b 
earn epitaxy) mUftK&mtf, ®itilC^1l (MxJ2\ lO^-lO^Pa)^^ 
Uc 0 m^M^m^^^X, ^J^{i800°CJ^T^M(IHT1i600 o C) (C*3VNT, 

[0025] &V>T\ 1000 0 Cy0^600r^-eM^fc^, fWGa£El!tU lS?r«^ 
o &WC% Ga(D^|t?r^ifbl000 0 C^t?#m-r?>o M£#!lxJi900°C£ 
"CHM&U A15ai:N5b^[l|B#^#k^i-^ 0 r^^^-CAlN(D^^^^i-§ e 

XPS^j:5^ffi^tff(D^m> Ga^tt'APMa^cD^ffi(D^m*{«^ 
[0026] 03(G) id^-f-J;^ AlNUcD^ft^ (Mx.fi, Ts = 400 < Cd»£>l lOOt^-TO 

ink Mx«9oo°c) iqfttu jesm^«8(Mx.«r, io" 6 -io" 8 p a ) ^v^taujic 

10" 2 -10~ 4 Paa^^^6c Njj§^5b?i, ^ttflS^IS^XvI^Sttli^ 
[0027] AlNjiSW^S^^M^nfc^^^V^^^^^^^^b/cmT-^tHlJlf (RHE 

ED)oaij^fTofc*sm, stt^mjn$^ sicMi^vNTAiNg^u^r- 
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[0028] W, RHEEDMm<DmM(Dftm\mVXte!&&4kmz£.<9*%<mteV. <fc!H6ffi 

m/4*r — ^'U^—f&&tmm^Mij$mzm^xmi~£^^txfoz> 0 m 

[0029] IH3 (H) iC^i" m£4nm(DAlNm5$:f&M£ J £tcm^ AlNjf5Jt:^ 

J¥£44nm4)SiO jf73r^J&-t~5o SiO Jf7«, AlNJ!5±(c;*^^7fe&VM3:CV 

2 2 

D&^^(iJ;f9T^^T^iii:b-C±i«-r§o E14(I) K^ir£?^ y— ^«@iia 

2 

2 

[0030] 04Q) m4(i)(Dm^&rtz?—hnmi5&)frbsicmmi (&)^x<Dm 
m£mjjfaKtetfz^*^-s^W7&<Dmmz^-r 0 m4(j) ^-rj;?^ si 

C-A\^m(D^m^(D^^—^MmW. AE &J + 2. 0eVT?fc5 o ^fc, A1N 

c 

-SiO moBM^n^^— ^iliHtAE f± N ^J + 0. 74eV-Cfe6o WKBifif^ 

2 c 

£fflV^h^/^^£H-Wi-£^ 4nm(DAlNji^44nm£DSiO Jf ^^gfllit 

2 

^ursics^ 1 fiw^y- 1 5ffiij 1 o#<d 1 k 

[0031] .^±^£5^ ^JfeO^fiKciSMISFET^V^St, ^~h^llH4£:fB]_L-f-3 
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2 

WmZj&^tm^Uf^o « J F-f2AlNJl£^UTSiO (DmMV&W&glrtZtclib 

2 

[0032] ft, ^-®^J^IjiibT#tg$^fcfe(C{iAlNjStLT«ii:$^6nm^Ti:-t-5(D 

^is:^-r5wi:^M*bv\ mw%-b(DmmK£.z>b, ^<th6nm^m^tmii. 

&&£lsifclbZ>ZLb&ftti^X^Z> e tot, AlNJS©J¥$Sr6nmWT^-t"Sri:dS, 
mWAlNg£rh>^M^U AlN^SiO ©#ffifc#59ct-srt^B5Ct 

2 

[0033] £JLL, KWUtJ^K, *Hlfe©^t!8{Jl«tSMISFETSrfflV^^, SiC^lgtAlN 
£as-?££o — ^ AlNjf^y— MWS£©|HJteSiO Jptf^jEfc^ti/CV^fctf), SiC 

2 

[0034] ft, h«B«©ifeiMiib-cw:, sio izttpLxm<Dm , g*m\<^bi>*imx- 
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mm&tvxi-i^tm&t&i&hziiK mmjjm$mi>&<w?z£tix\,^h 

2 x y 

[0035] *mw<Dm2<DmM(Di&n\z£%MisFBTK^^xmm%mM^xmw-t 

•So 

[0036] ^mmmm\^w-hnMm<omuw-t.\^x, ai o mv>3 0 ®5(a) t^-r 

2 3 

i$43ai\ V\s^W$.4Zbb(Dm\zM$L&ft, A1NJ1/A1 O il^jl«5g45 N 51 

2 3 

#lt-t-5<^ Al^^-irbT^ti»^^^IJffl-t-?>^^M^bV\ j3Bx.T, AI O «: 

2 3 

*#&/^K3r^r.yy\ SV>^tt, *£&fim^£^oT:£9MISFET^cDjSffl^ 

iibTV^o 135(B) (C N H5(A) ^-TSiC^MISFETW— htt^55(^{|lj)^ 

SiCgf£41 C£#J) tC|R]ttTc7)^^-^^^K«^(Z)«[ll§^^-r o E15(B) l^-T 

SiC-MNm<Dfc^1$<D^/^~^mm&kE fit, #*} + 2. 0eV-e&5 o 

c 

*fc,AlN-Al O W^S^^^/l^— ^$^HfiAE ^1 + 0. 29eVT&5 

2 3 C 

o 4nm(DAlNg 1 08nm<7) Al O Jl££>3f Jf«3£-m, r(D^Jit*3gt[RlCy— h 

2 3 

mmm&mbtez 1 oonmcDAiN^.- n (DWrS-bstmvxsicmffi.4 im^h^f— b 

[0037] rrT% ALfrSttfflkfc<DMj&j7mtL>X* 06 (A) (HI 3 (H) KMJfclrZ)) , (B) ^ 
^-T ±5m, AlNSX«AlJiX(*Al N JlXttAlAsJl, Xf3\ A1N As Jf5 (H"C 

x y x 1— x 

i*AiN)&mmz.mmu : tti%mk~tz>^bKsy) > ai o itutt^ioN, a s 

2 3 

£r^A,tf:Al o ®5aS:^-rsr^^t?#S 0 06 (A), (B)m^-f-iMbfeSrfflv^ 

2 3 

2 3 

[0038] ^_h, ;£IIM«fi{Cj;3SiC^MISFEm£tU3\ JglOHJfcOTF^I^SSiC 
^MISFETtlll^^m^^^^^^i^^^xa^^llS^^^Srt^ 
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[0039] ^.K. *%W<Dm3<DMM<Dl&mfc££SiC^MISFET\Z.<>\,^xmffi&0MV^ 
Xfo& 0 m7K^~f£?l>l y ^HJS(D^^^J;5SiC^MISFEm, p-SiCS^21 
■mm3laRWU4^mm31bt, ^^jVW$,±.\^B^fhttB Al Ga NJl (x 

x 1— x— y y 

<0. 4, y<0. 4)t, h«4£35£&^UCV>5 0 BAlGaN^H&JBV^^ ®F*3 

2 

x y 

[0040] m^. ^mm^m^mm^mm^x^sic^MisFKT^v^xmm^m^ 

j?mfcmL.xn, %$2Rx$m3<Dmm(DMMKm^xwiw^ti-t)K £<bM, mi^rn 
mwt^2(Dmmi^ttmxit'\^m^^m^ m^^v^y±yh^\^ * 
mmtzn&mik-rzitito ^miRxfm2<Dmmw-m^m3<Dmm^xtitz.3mm 

[0041] HI8 (A) *^M<Dmmz£ZSiC^MlSFBTCDmigM&?F-fmX'1bZ>o M8 ( 
A) KTjk-T ^Hm^®^J;6SiC^MISFETO, p-SiCSt£61t, 
1 Km^tltcy— ^m^c,G3aRWU4^m^63bt^ ^fhtb<D±.l<ZMj&£ftfcy— 

*m>m75aRw^>"mm75bb, ^^m^^KM^ntc^mB^w- (ain 
g65, ai o g67 N sio g7D^ ^mmm^±^m^titc^—hmm77t^ 

2 3 2 

u-cv^ 0 m8(B)^, m8(A)(Dmmztetfz>v i -hmm77te)frbsicmmi( 
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c 

o *fc, A1N-A1 O M<D&m&<D^/^*-*M1fim.bE m + 0. 29eVX&> 

2 3 C 

5c ai o -sio m<Dfcmft<D^*fr*e—*mffim.±E m+o. 45evx&z> 0 

2 3 2 C 

Mx.fcf> 4nmCDAlNJi <b5nm(7)Al O H£42nmJ¥tf)SiO mt<D%MmW&Xfe, r. 

2 3 2 

[oo42] mmi^m±(DmnR!^mm(Dtcmzmmm^mm^m^A-i-^thX' 

[0043] *|§0J(D||5(D^JfeO^^J;5SiC^h7^^(c:oV>T|llffi§:#^L 

9(A) fit, ^HMO^Ii^«i:5MISFET^— >McUfc^*WIH^*P^>^*fll3iE 
fllfc^-fig-CfcSo 09(A) te^TiS^ ^^JfetD^^i^^'t^^y^V^ 
^tt, p-SiCSf£81<b % »4E81rtJ!:^fifc$*L^y*-^3lWW>ijIi«83a, 83b 
<b, ^^HiJK-bJ^JEifc^n^SIJlfllat-Cfco-r, AINjf 85^ GaNjf95b£Al 

[0044] 09(B)« % m9(A)<Dm&lZ*3i-f2>tf*-hWm97 05)i)>hSiCm&L81 (tE)^X<D 

mm&BJyfaK&tfz^jv^*- /^vmit&wm&TF-rmx&Zo 09(B) ^ 

SiCS^81(CMLT?f0^ixfc2Ji(7)AlNJi85 N 9!Offl{^ AlN(^*fL 
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, r<z>*^-#FJS (87) ^(c^^®d^(7)m^-Sr^bT*3<^^^-c*#6o tt& 
S5$tf52eV£ifilv\fc«>, ^m{d*5V>T^fl:^#F(87)^^^^/v®^M5«T-0 
*tt4>ftV\, *T-#Fg(87)4 , ^^tL-CV^«T-(S#)*^J:«9, 09(A) t£ 

[0045] SiC±tOg{&ti£ctfV^— ^V'W, ffiffi^ftJi&h^v^^ Xtt, <£«>T 

[0046] ft, *K#W#{C3oV>T % SiC^ffiflEfifcl^fflKWu SiC2£tR<£>£©^ 0!l*.fcfSi 

[0047] #I^S«£Urte, yV— SfOMISFETSrHJISWibTIEafibytdS, 

•2>o 

[0048] UlM^ikWlbffi-t&m&fcn, B, Al, Ga, In©5^^ft<£MoJ^±IIIj£7c3S§ 
^fcGaN^AlN/£W{b^C^TW=£<, Al In Ga Nt£b*<DmMih^tlZ> 

x y 1— x— y 

[0049] (A)^Hl (C)3rCE\ *3SK<^^l©Hiife<©^ffitCj;5MISFETO$!i 

mi? mzTfrrmx-hv, muz.m<mxtbz> 0 
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mzm3 (o fabm 3 (h) ^-r^i, *m w KDmM^j&n ^j^smisfet^ 
^m^-rrnxm, m2Km<mx&z> 0 

&>V. m3\C$i<mX*hZ>o 04(J)te, 04(I)&l^1-MISFET<7>y~ hfab&mzfr 
^^K«it(05(B))T?fe6 o 

[m6]H6 (a) rxi (b) K^-rm^m^n^-m^-r mxh% 0 

m8W%W(D^4(DmM<DJ&mfc£%MISFET(Dmi&&^-tmX&>& 0 

m^mm^m^fDmm^m^^MisFKTxh^x, zrv—^^^—hm 

^n^mw^Yy>^^x^x^n-^^^-m^m^mm)i^y 

y^x^mm&^-rmx&Zc 

[nioiAiN/sic Mis^-r^-— v<Dm^j£tmmmmk<DM&&^-i-mxhz> 0 



WO 2005/010974 



14 



PCT/JP2004/010696 



[1] SiC^ffiflHgfc, 

[2] sic^rat^ 

mm tmrn mm m ± Kmu^-m mm m t nm^mx^ xwm^mmm 

[3] mm^-mmmmn, m^6nmsxr<DA\Nm^^k^mk-i-^m^mix 

[5] HufB^ffi^jlfi, ffirt«Hf-S»^SiC©ffirt«HF-3e»[i:0. 5%^T<^«^ 

o 

[6] BUlE^«fi, SiO Ji^Si N mtAL O Jlfa&^^iSoS^&S&SftS^fc 

2 x y 2 3 
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[7] mmWmmte, AlN^Al^Al N iAIAstAIN As bfrh$LZ>M<D0lbfrhm j !R& 

x y x 1— x 

2 3 

2 3 

[8] mmmmmn. m^mmrnKx^^ntc^mm^vx^^b^mb-r 

[9] sicmmmmt, 

msicmm j mm±\mj$£nzmm.x&^x, mmsicmmKmvxms^^Ai 

mxn¥mmz£Y)Mj&tsthtc#j*mb, m2<Dmmfcmmmb^ ^-bmmmb. 
^^n-^r^^-bmmb, 

do] sic^mmm^-r^mm^mm-r^TMb, 

msicmmmm^y-xRm^^&j&j&-fz>T.mb. 
mmsicmmmm(Dmm<D^T^m^mm^Mmmt-r^x.nb, 
mtzsicmmmm ^mt-xAibNb^^m^ & i m si±<o^m mmm &m 
j&u m^mmmm±Kmm^mummbnm^m^xh^xmmwmmmm 

mm^m-r^nb. 
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